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(54) Improved diffusion aluminide bond coat for a thermal barrier coating system and a method 
therefor 



(57) A thermal barrier coating system (14) and a 
method for forming the coating system on a component 
designed for use in a hostile thermal environment, such 
as superalloy turbine, combustor and augmentor com- 
ponents of a gas turbine engine. The coating system in- 
cludes a diffusion aluminide bond coat (16) whose oxide 
growth rate is significantly reduced to improve the spal- 
lation resistance of a thermal barrier layer by forming 
the bond coat to include a dispersion of aluminum, chro- 
mium, nickel, cobalt and/or platinum group metal oxides 



(20). The oxides preferably constitute about 5 to about 
20 volume percent of the bond coat. A preferred method 
of forming the bond coat is to initiate a diffusion aluminiz- 
ing process in the absence of oxygen to deposit a base 
layer of diffusion aluminide, and tnen intermittently in- 
troduce an oxygen-containing gas into the diffusion alu- 
minizing process to form within the bond coat the de- 
sired dispersion of oxides. Thereafter, a ceramic layer 
(1 8) is deposited on the bond coat to form a thermal bar- 
rier coating. 
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Description 

[0001] The present invention relates to processes for 
depositing protective coatings. More particularly, this in- 
vention relates to a process for forming a diffusion alu- 
minide bond coat of a thermal barrier coating system, 
such as of the type used to protect gas turbine engine 
components. 

[0002] The operating environment within a gas tur- 
bine engine is both thermally and chemically hostile. 
Significant advances in high temperature alloys have 
been achieved through the formulation of iron, nickel 
and cobalt-base superalloys, though components 
formed from such alloys often cannot withstand long 
service exposures if located in certain sections of a gas 
turbine engine, such as the turbine, combustor and aug- 
mentor. A common solution is to provide turbine, com- 
bustor and augmentor components with an environmen- 
tal coating that inhibits cxidation and hot corrosion, or a 
thermal barrier coating (TBC) system that, in addition to 
inhibiting oxidation and hot corrosion, also thermally in- 
sulates the component surface from its operating envi- 
ronment. 

[0003] Coating materials that have found wide use as 
environmental coatings include diffusion aluminide 
coatings, which are generally single-layer oxidation-re- 
sistant layers formed by a diffusion process, such as 
pack cementation. Diffusion processes generally entail 
reacting the surface of a component with an aluminum- 
containing gas composition to form two distinct zones, 
the outermost of which is an additive layer containing 
an environmentally-resistant intermetallic represented 
by MAI, where M is iron, nickel or cobalt, depending on 
the substrate material. Beneath the additive layer is a 
diffusion zone comprising various intermetallic and 
metastable phases that form during the coating reaction 
as a result of diffusional gradients and changes in ele- 
mental solubility in the local region of the substrate. Dur- 
ing high temperature exposure in air, the MAI interme- 
tallic forms a protective aluminum oxide (alumina) scale 
or layer that inhibits oxidation of the diffusion coating 
and the underlying substrate. 
[0004] For particularly high temperature applications, 
a thermal barrier coating (TBC) can be deposited on a 
diffusion coating, then termed a bond coat, to form a 
thermal barrier coating system. Various ceramic mate- 
rials have been employed as the TBC, particularly zir- 
conia (Zr0 2 ) fully or partially stabilized by yttria (Y 2 0 3 ), 
magnesia (MgO), ceria (Ce0 2 ), scandia 

iSf p ) 

, or other oxides. These particular materials are widely 
employed in the art because they exhibit desirable ther- 
mal cycle fatigue properties, and also because they can 
be readily deposited by plasma spray, flame spray and 
vapor deposition techniques. 



[0005] A bond coat is critical to the service life of the 
thermal barrier coating system in which it is employed, 
and is therefore also critical to the service life of the com- 
ponent protected by the coating system. The oxide scale 
5 formed by a diffusion aluminide bond coat is adherent 
and continuous, and therefore not only protects the 
bond coat and its underlying superalby substrate by 
serving as an oxidation barrier, but also chemically 
bonds the ceramic layer. Nonetheless, aluminide bond 

io coats inherently continue to oxidize over time at elevat- 
ed temperatures, which gradually depletes aluminum 
from the bond coat and increases the thickness of the 
oxide scale. Eventually, the scale reaches a critical 
thickness that leads to spallation of the ceramic layer at 

'5 the interface between the bond coat and the aluminum 
oxide scale. Once spallation has occurred, the compo- 
nent will deteriorate rapidly, and therefore must be re- 
furbished or scrapped at considerable cost. 
[0006] Improved TBC life has been achieved with the 

20 addition of platinum group metals in diffusion aluminide 
bond coats. Typically, platinum or palladium is intro- 
duced by plating the substrate prior to the diffusion alu- 
minizing process, such that upon aluminizing the addi- 
tive layer includes PtAI intermetallic phases, usually 

25 rai 2 or platinum in solution in the MAI phase. The pres- 
ence of a platinum group metal is believed to inhibit the 
diffusion of refractory metals into the oxide scale sur- 
face, where they would otherwise form phases contain- 
ing little aluminum and therefore would oxidize rapidly. 

so it would be desirable if the oxide scale growth rate of an 
aluminide bond coat could be further reduced to yield a 
thermal barrier coating system, and therefore the com- 
ponent protected by the coating system, that exhibits im- 
proved service life. 

35 [0007] The present invention generally provides a 
thermal barrier coating system and a method for forming 
the coating system on a component designed for use in 
a hostile thermal environment, such as superalloy tur- 
bine, combustor and augmentor components of a gas 

40 turbine engine. The method is particularly directed to a 
thermal barrier coating system that includes an oxida- 
tion-resistant diffusion aluminide bond coat on which an 
aluminum oxide scale is grown to protect the underlying 
surface of the component and adhere an overlying ther- 

^5 mal-insulating ceramic layer. 

[0008] According to this invention, the oxide growth 
rate on the diffusion aluminide bond coat can be signif- 
icantly reduced to improve spallation resistance for the 
ceramic layer by forming the bond coat to include a dis- 

so persion of aluminium chromium, nickel, cobalt and/or 
platinum group metal oxides. The oxides preferably con- 
stitute about five to about twenty volume percent of the 
bond coat, with a preferred level being about seven to 
about fifteen volume percent oxides. While applicable 

55 to any diffusion aluminide bond coat, a preferred bond 
coat is a platinum aluminide. The bond coat may option- 
ally overlie or underlie a layer formed of one or more of 
the same oxides as for the oxide dispersion, e.g., alu- 
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minum, chromium, nickel, cobalt and platinum group 
metal oxides. 

[0009] According to the invention, a preferred method 
for forming the bond coat is to initiate a diffusion alu- 
minizing process in the absence of oxygen to deposit a 
base layer of diffusion aluminide, and then intermittently 
introduce an oxygen-containing gas into the diffusion 
aluminizing process to form within the bond coat the de- 
sired dispersion of oxides. Thereafter, a ceramic layer 
is deposited on the bond coat to form a thermal barrier 
coating. 

[0010] According to this invention, the process de- 
scribed above yields finely distributed primary and com- 
plex (i.e., compound) oxides of aluminum, nickel, chro- 
mium and, if present, platinum group metals, yielding a 
bond coat that exhibits enhanced cyclic oxidation resist- 
ance and a reduced oxide growth rate. The result is a 
thermal barrier coating system that can exhibit an im- 
proved thermal cycle fatigue life of three-times longer 
than an otherwise identical coating system without the 
fine oxide dispersion in the bond coat. 
[001 1 ] Other objects and advantages of this invention 
will be better appreciated from the following detailed de- 
scription with reference to the accompanying drawing, 
in which: 

[001 2] Figure 1 is a cross-sectional view of a gas tur- 
bine engine blade and shows a thermal barrier coating 
system on the blade incorporating a diffusion aluminide 
bond coat in accordance with this invention. 
[0013] The present invention is generally applicable 
to components that operate within environments char- 
acterized by relatively high temperatures, and are there- 
fore subjected to a hostile oxidizing environment and se- 
vere thermal stresses and thermal cycling. Notable ex- 
amples of such components include the high and low 
pressure turbine nozzles and blades, shrouds, combus- 
tor liners and augmentor hardware of gas turbine en- 
gines. While the advantages of this invention will be de- 
scribed with reference to gas turbine engine hardware, 
the teachings of the invention are generally applicable 
to any component on which a thermal barrier coating 
system may be used to protect the component from its 
environment. 

[0014] Represented in Figure 1 is a thermal barrier 
coating system 1 4 in accordance with this invention. The 
coating system 1 4 is shown as including a ceramic layer 
1 8 and a diffusion platinum aluminide bond coat 1 6 over- 
lying a substrate 1 2, which is typically the base material 
of the component protected by the coating system 14. 
Suitable materials for the substrate 1 2 (and therefore 
the component) include nickel, iron and cobalt-base su- 
peralloys. The platinum aluminide bond coat 16 is gen- 
erally characterized by an additive layer that overlies a 
diffusion zone, the former of which contains an oxida- 
tion-resistant MAI intermetallic phase, such as the nick- 
el-aluminide beta phase (NiAl). The additive layer also 
contains PtAI intermetallic phases, usually PtAfe or plat- 
inum in solution in the MAI phase, as a result cf platinum 



having been plated or otherwise deposited on the sub- 
strate 1 2 prior to aluminizing. Coatings of this type form 
an aluminum oxide scale (not shown) on their surface 
during exposure to engine environments. The oxide 
s scale inhibits oxidation of the bond coat 16 and sub- 
strate 12, and chemically bonds the ceramic layer 18 to 
the bond coat 16. A suitable thickness for the bond coat 
16 is about 25 to about 150 micrometers. 
[0015] The ceramic layer 18 overlying the aluminide 

10 bond coat 16 is required for high temperature compo- 
nents of gas turbine engines. As noted above, the ce- 
ramic layer 18 is chemically bonded to the oxide scale 
on the surface of the bond coat 16. A preferred ceramic 
layer 18 has a strain-tolerant columnar grain structure 

'5 achieved by physical vapor deposition (PVD) tech- 
niques known in the art, e.g., electron beam physical 
vapor deposition (EBPVD), though ceramic layers are 
also formed by air plasma spray (APS) techniques. A 
suitable material for the ceramic layer 1 8 is zirconia that 

20 is partially or fully stabilized with yttria (YSZ), though 
other ceramic materials could be used, including yttria 
or zirconia stabilized by magnesia, ceria, scandia or oth- 
er oxides. The ceramic layer 18 is deposited to a thick- 
ness that is sufficient to provide the required thermal 

25 protection for the underlying substrate 12, generally on 
the order of about 75 to about 300 micrometers. 
[0016] According to this invention, the bond coat 16 
includes a dispersion of oxides 20 that promote the spal- 
lation resistance of the ceramic layer 18 by slowing the 

30 oxide growth rate of the bond coat 16. As a result of the 
process by which the oxides 20 are formed, which will 
be described below, the oxides 20 are primary and com- 
plex oxides of those metals present at the surface of the 
substrate 12, such as aluminum, chromium, nickel and 

35 platinum. Accordingly, the dispersion of oxides 20 is like- 
ly to include alumina (Al 2 0 3 ), chromia (Cr 2 0 3 ), nickel 
oxide (NiO) and platinum dioxide (PtO^), and compound 
oxides such as NiO-Cr 2 0 3 , AI 2 0 3 -NiO, etc. It is within 
the scope of the invention to use another metal of the 

40 platinum metal group instead of platinum, which would 
result in the presence of oxides of that metal instead of 
platinum. Also as a result of the process by which the 
oxides 20 are formed, the oxides are finery distributed 
in the bond coat 16, effectively yielding a composite 

4S bond coat 16. 

[0017] According to this invention, the presence of a 
fine dispersion of oxides 20 in a diffusion aluminide bond 
coat 16 has been found to slow the oxide scale growth 
rate and promote the adhesion of the oxide scale on the 

so bond coat 16, all of which promotes the spallation re- 
sistance of the ceramic layer 18. Thermal barrier coating 
systems according to this invention can exhibit a thermal 
cycle resistance of at least about three times greater 
than prior art TBC systems with a conventional platinum 

55 aluminide bond coat. To achieve the advantages of this 
invention, the oxides 20 are preferably present in the 
bond coat 16 in amounts of about five to about twenty 
volume percent, more preferably about seven to about 



3 



5 



EP 0 933 448 A1 



6 



fifteen volume percent. In addition, the oxides 20 pref- 
erably have a fine particle size, on the order of about 
twenty micrometers and less, typically about five to ten 
micrometers. 

[001 8] The method by which the bond coat 1 6 and ox- s 
ides 20 are formed is a vapor phase aluminizing proc- 
ess, such as vapor phase deposition, chemical vapor 
deposition (CVD) and out-of-pack deposition. Such 
processes are well known in the art, and are conven- 
tionally carried out in an inert atmosphere within a coat- 10 
ing chamber. However, with this invention, an oxygen 
source such as air or water vapor is introduced into the 
chamber at appropriate intervals to produce and code- 
posit the oxides 20 with the bond coat 16. For example, 
a modified vapor phase process in accordance with this is 
invention entails placing a platinum-plated component 
in a chamber that is evacuated or filled with a nonoxi- 
dizing or inert gas, such as argon. The chamber and its 
contents are then heated to at least 1800°F (about 
982°C), preferably about 1 900-1 925°F (about 20 
1038-1052°C), and an aluminum halide gas, such as 
aluminum chloride, is fbwed into the chamber as a 
source of aluminum. The aluminum halide reacts at the 
substrate surface to form an MAI intermetallic, where M 
is iron, nickel or cobalt, depending on the substrate ma- 25 
terial, and PtAI intermetallics as a result of the presence 
of platinum on the substrate surface. Aluminizing is ini- 
tiated while the chamber is evacuated or filled with the 
nonoxidizing or inert gas, such that an oxide-free alumi- 
nide coating initially forms on the component surface, so 
This step is preferably performed for about one to two 
hours, though longer and shorter durations could be 
used. 

[0019] A source of oxygen, such as air, air saturated 
with water or water vapor, is then introduced into the 3S 
chamber, such as through an exhaust line of a conven- 
tional aluminizing chamber. Generally, an increase of 
the oxygen content within the coating chamber of about 
0.5 to 1 .0 volume percent is desirable. For this purpose, 
the oxygen source is preferably flowed into the chamber 40 
for about ten to thirty seconds, though shorter and long- 
er durations (e.g., up to about one hour) again are fore- 
seeable, depending on gas flow rate, the size of the 
coating chamber, and the number of articles being coat- 
ed. The presence of the oxygen source causes the coat- *s 
ing gases to oxidize, resulting in the formation and dep- 
osition of fine oxides along with aluminum, resulting in 
an aluminide coating containing a fine dispersion of the 
oxides. Preferably, flow of the oxygen source is then ter- 
minated after which conventional aluminizing resumes, &> 
such as for a period of three to four hours, in order to 
obtain a desired coating thickness, generally on the or- 
der of about 50 to about 75 micrometers. Finally, the 
component and its aluminide coating are then preferably 
heat treated in a vacuum, at a temperature of about 55 
1900°F to about 1950°F (about 1038°C to about 
1 066° C) for about two to about six hours to homogenize 
and ductilize the bond coat and its oxide dispersion. 



[0020] During investigations leading to this invention, 
nickel-base superalby specimens were coated with 
thermal barrier coating systems whose bond coats were 
either prior art ciffusion platinum aluminides or formed 
in accordance with this invention. Specifically, speci- 
mens were formed of the nickel-base superalby Rene 
N5 having a nominal composition, by weight, of about 
7.5 cobalt, 7.0 chromium, 1.5 molybdenum, 5.0 tung- 
sten, 3.0 rhenium, 6.5 tantalum, 6.2 aluminum, 0. 1 5 haf- 
nium, 0.05 carbon, 0.004 boron, with the balance nickel 
and incidental impurities. Bond coats formed in accord- 
ance with this invention were diffusbn platinum alumi- 
nides containing about 5 to about volume percent of a 
fine dispersion of primary and complex oxides, primarily 
aluminum, nickel, chromium and platinum oxides. In 
contrast, the prbr art bond coats evaluated were con- 
ventional diffusion platinum aluminides. All bond coats 
were approximately 70 micrometers in thickness. A TBC 
of yttria-stabilized zirconia (YSZ) having a thickness of 
about five mils (about 125 micrometers) was then de- 
posited on each of the bond coats by physical vapor 
deposition. 

[0021] Results of furnace cycle testing at about 
2075°F (about 1 1 35°C) resulted in the bond coats of this 
invention achieving a minimum thermal cycle life of 
about 1 400 hours before spallation of the TBC, while the 
specimens with the conventional bond coats exhibited 
an average life of only about 550 hours. Accordingly, the 
bond coat of this inventbn resulted in a thermal cycle 
life of at least about 2.5 times better than that achieved 
with the prior art bond coat. These results evidenced the 
remarkably improved spallation resistance of thermal 
barrier coating systems of this invention as compared 
to prbr art coating systems. The increased time to spal- 
lation for the specimens prepared in accordance with 
this invention was attributed to a combination of de- 
creased oxide growth rate and improved oxidation re- 
sistance afforded by the fine dispersion of oxides. 
[0022] While the invention has been described in 
terms of a preferred embodiment, it is apparent that oth- 
er forms could be adopted by one skilled in the art. For 
example, the sequence of the deposition process could 
be other than that described in the example. One pos- 
sibility is to form an oxide monolayer below and/or on 
top of the aluminide bond coat by introducing an oxygen 
source into the coating chamber at the beginning and/ 
or end of the aluminizing process. Another possible al- 
ternative is to vary the durations of the aluminizing steps 
to alter the amount of oxide present in the bond coat. 
Accordingly, the scope of the inventbn is to be limited 
only by the following claims. 



Claims 

1. A component having a thermal barrier coating sys- 
tem on a surface thereof, the coating system com- 
prising: 
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a diffusion aluminide bond coat on the surface 
of the component, the bond coat containing a 
dispersion of oxides chosen from the group 
consisting of aluminum, chromium, nickel, co- 
balt and platinum group metals; and s 
a ceramic layer overlying the bond coat. 

2. A component as recited in claim 1 , wherein the bond 
coat contains about 5 to about 20 volume percent 
oxides. 10 



forming the bond coat entails codepositing alumi- 
num and the oxides on the surface of the compo- 
nent 

14. A method as recited in claim 13, wherein an alumi- 
num halide gas is a source of the deposited alumi- 
num. 

15. A method as recited in claim 13, wherein the bond 
coat is formed by a vapor phase process. 



3. A component as recited in claim 1 , wherein the bond 
coat is a platinum aluminide bond coat. 

4. A component as recited in claim 1 , further compris- is 
ing an oxide layer contacting the bond coat, the ox- 
ide layer containing one or more oxides chosen 
from the group consisting of aluminum, chromium, 
nickel, cobalt and platinum group metals. 

20 

5. A component as recited in claim 1 , further compris- 
ing an alumina scale on the bond coat. 

6. A component as recited in claim 1 , wherein the ce- 
ramic layer has a columnar grain structure. 25 

7. A method for forming a thermal barrier coating sys- 
tem on a surface of a component, the method com- 
prising the steps of: 

30 

forming a diffusion aluminide bond coat on the 
surface of the component to contain a disper- 
sion of bxides chosen from the group consisting 
of aluminum, chromium, nickel, cobalt and plat- 
inum group metals; and 35 
forming a ceramic layer on the bond coat. 



16. A method as recited in claim 7, wherein the step of 
forming the bond coat entails a diffusion aluminizing 
process in which an oxygen source is introduced 
into the process to form the oxides as the bond coat 
is being deposited. 

17. A method as recited in claim 16, wherein the step 
of forming the bond coat is performed in an enclo- 
sure, wherein the oxygen source is intermittently in- 
troduced into the enclosure. 

18. A method as recited in claim 17, wherein the step 
of forming the bond coat entails initially aluminizing 
the surface of the component in the absence of ox- 
ygen for at least one hour, and then aluminizing the 
surface of the component in the presence an oxy- 
gen source for up to about one hour. 

19. A method as recited in claim 7, further comprising 
the step of heat treating the component so as to ho- 
mogenize and ductilize the bond coat. 

20. A method for forming a thermal barrier coating sys- 
tem on a surface of a component, the method com- 
prising the steps of: 



15 



20 



8. A method as recited in claim 7, wherein the bond 
coat contains about 5 to about 20 volume percent 
oxides. 40 

9. A method as recited in claim 7, wherein the bond 
coat is a platinum aluminide bond coat. 

10. A method as recited in claim 7, further comprising 45 
the step of forming an oxide layer that contacts the 
bond coat, the oxide layer containing one or more 
oxides chosen from the group consisting of alumi- 
num, chromium, nickel, cobalt and platinum group 
metals. so 

11. A method as recited in claim 7, further comprising 
an alumina scale on the bond coat. 



forming a diffusion aluminide bond coat on the 
surface of the component by initiating a diffu- 
sion aluminizing process in the absence of an 
oxygen-containing gas, and intermittently intro- 
ducing an oxygen-containing gas into the diffu- 
sion aluminizing process to form within the 
bond coat a dispersion of oxides chosen from 
the group consisting of aluminum, chromium, 
nickel, cobalt and platinum group metals; 
forming a ceramic layer on the bond coat; and 
heat treating the component at a temperature 
of about 1 900°F to about 1 950°F for about two 
to about six hours. 



45 



SO 



1 2. A method as recited in claim 7, wherein the ceramic ss 
layer is formed to have a columnar grain structure. 

13. Amethod as recited in claim 7, wherein the step of 
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